Background and Objectives: The fibrosing form of lung injury (occupational, environmental, infective or drug induced) is associated with significant morbidity and mortality. Amiodarone (AM), often prescribed for control of arrhythmias is considered a potential cause. No effective treatment was confirmed, except lung transplantation. Intravenous (IV) stem cell therapy may produce pulmonary emboli or infarctions. Despite being commonly used in clinical practice, the intraperitoneal (IP.) route has been rarely used for cell delivery. The present study aimed at investigating and comparing the possible effect of IP stem cell therapy (SCT) on pulmonary toxicity versus the intravenous route in a rat model of amiodarone induced lung damage. Methods and Results: 36 adult male albino rats were divided into 4 groups. Rats of AM group were given 30 mg/kg daily orally for 4 weeks. Rats of IV SCT group were injected with stem cells in the tail vein. Rats of IP SCT group received IP cell therapy. Histological, histochemical, immunohistochemical and morphometric studies were performed. Obstructed bronchioles, overdistended alveoli, reduced type I pneumocytes, increased thickness of alveolar septa and vessels wall besides increased area% of collagen fibers regressed in response to IV and IP SCT. The improvement was more obvious in IV group. The area% of Prussion blue +ve and CD105 +ve cells was significantly higher in IV group. Conclusions: Cord blood MSC therapy proved definite amelioration of lung injury ending in fibrosis. The effect of IP SCT was slightly inferior to that of IV SCT, which may be overwhelmed by repeated IP injection.
Introduction
The fibrosing form of lung injury is associated with significant morbidity and mortality. Lung injury may be secondary to occupational or environmental exposures (1) , in addition to infection (2) . Drug induced pathogenesis has to be taken into consideration and amiodarone, often prescribed for the control of atrial and ventricular arrhythmias is considered a potential cause (3). However, it was reported that no effective treatment was confirmed for pulmonary fibrosis except lung transplantation (4) . This was recently approved by the absence of causal treatment option of pulmonary toxicity ending in fibrosis (5) . Mesenchymal stem cells (MSCs) are stromal cells that have the ability to self-renew and exhibit multilineage differentiation, which makes them an attractive choice for possible development of clinical applications (6) . Recent studies suggest that cord blood transplant (CBT) is a safe and effective strategy for stem cell transplant patients (7) . Immediate availability, absence of risk for donors and low-er risk of acute graft-versus-host disease suggested CBT as a widely used source of mesenchymal cell support (8) . However, concentrated cells injected into tissues can form aggregates and intravenous (IV) injection can produce pulmonary emboli or infarctions (9) . IV transplantation showed significant improvement of lung function, but 6∼17% treatment-related mortality (10) . Pre-engraftment syndrome (PES) developed in 26.8% of patients receiving IV therapy (11) . Despite being commonly used in clinical practice, the intraperitoneal (i.p.) route has been rarely used for cell delivery (12) . The present study aimed at investigating and comparing the possible effect of intraperitoneal human cord blood mesenchymal stem cell therapy on pulmonary toxicity versus the intravenous route. This was accomplished by using amiodarone as a model of induced lung damage in albino rat.
Materials and Methods

Drug
Amiodarone (Cordarone): Used as 200 mg tablets, crushed, the required dose for each rat weighed and dissolved in 0.5 ml tween 80 (Sanofi Corporation).
Animals
Thirty six adult male albino rats weighing 150-200g were divided into 4 groups. Each group was kept in a separate cage under good hygienic conditions, fed ad libitum and allowed for free water supply in Histology Department Animal House, Faculty of Medicine, Cairo University. The rats were treated in accordance with guidelines approved by the Animal Use Committee of Cairo University. Control Group: 6 rats, 2 for each experimental group. Two rats were given 0.5 ml tween 80 (solvent of amiodarone) daily orally for 4 weeks. The latter being water insoluble at room temperature. Next 2 rats were given 0.5 ml tween 80 daily orally for the same period and 0.5 ml phosphate buffer saline (PBS) by intravenous injection (IVI) in tail vein for 2 days. Last 2 rats received tween 80 daily orally for the same period and 0.5 ml PBS by intraperitoneal injection (IPI) for 2 days. Group A (Amiodarone group): 10 animals were used in this group. Each received 30 mg/kg of amiodarone daily orally (13) for 4 weeks,. then left for 4 weeks without therapy (14) . A stock solution of the drug was prepared weekly and kept at 4 o C. The required dose for each rat was introduced into the mouth using a syringe with a metal tube instead of the needle.
Group IV (IVI Stem cell therapy group): 10 rats were given amiodarone in the same dose, by the same route and for the same duration as in group A. Then the animals were injected each with 0.5 ml of cultured and labeled mesenchymal stem cells (MSCs) suspended in phosphate buffer saline (PBS) on two successive days in the tail vein (15) . Group IP (IPI Stem cell therapy group): 10 rats were given amiodarone in the same dose, by the same route and for the same duration as in group A. Then the animals were injected each with 0.5 ml of cultured and labeled MSCs suspended in phosphate buffer saline (PBS) on two successive days (16) . Stem cells were isolated from cord blood (17) . Cord blood collection was performed at Gynaecology Department, Faculty of Medicine, Cairo University. Stem cell culture and labeling were performed at Hematology Unit, New Kasr El Aini Teaching Hospital, Cairo University. The animals were sacrificed 4 weeks following therapy (18) .
Cord blood collection (19)
The storage and transport temperature was 15∼22 o C, transport time was 8∼24 hours, sample volume was 65∼ 250 ml, and no sample had signs of coagulation or hemolysis.
Mononuclear cell fraction isolation and propagation (16) The mononuclear cell fraction (MNCF) was isolated by loading 30 ml of whole blood onto 10 ml of Ficoll density media (Healthcare Bio-Sciences) in 50 ml polypropylene tubes, centrifuge for 30 minutes at room temperature. The interphase collected after aspirating and discarding the supernatant. The interphase was washed with 20 ml PBS and centrifuged at room temperature. The supernatant was aspirated and the cells were washed with PBS a second time. The cells were re-suspended in the isolation media and transferred to culture dishes. The isolation media was low-glucose DMEM (Dulbecco's modified Eagles medium) (Cambrex Bio Science) supplemented with low dexamethazone (10 -7 M) (Sigma-Aldrich), penicillin (100 IU/ ml) (Invitrogen), streptomycin (0.1 mg/ml) (Invitrogen), and ultraglutamine (2 mM) (Cambrex Bio-Science). Incubation was at 38.5°C in humidified atmosphere containing 5% CO2.
Culture (19)
The isolation media were replaced after overnight incubation (12∼18 hours) in order to remove non-adherent cells. The media were replaced every 3 days until MSC colonies were noted. The cultures were inspected daily for formation of adherent spindle-shaped fibroblastoid cell colonies. Sub-culturing was done by chemical detachment using 0.04% trypsin. Later, when cell numbers allowed, expansion was done in 25 cm 2 or 75 cm 2 tissue culture flasks.
Labeling (20)
Mesenchymal stem cells were labeled by incubation with ferumoxides injectable solution (25 microgramFe/ml, Feridex, Berlex Laboratories) in culture medium for 24 hours with 375 nanogram/ml poly L lysine added 1 hour before cell incubation. Labeling was histologically assessed using Prussian blue. Feridex labeled HMSCs were washed in PBS, trypsinized, washed and resuspended in 0.01 Mol/L PBS at concentration of 1×1,000,000 cells/ml.
Cell viability analysis
Cell viability was done using trypan blue dye exclusion test. This method is based on the principle that viable cells do not take up certain dyes, whereas dead cells do. 
Flow cytometry (21)
Flow
Histological Study
The animals were sacrificed by decapitation. Lung specimens were removed and fixed in 10% formol saline for 24 hours. Paraffin blocks were prepared and 5 μm thick sections were subjected to hematoxylin and eosin (H&E) (22) and Masson's trichrome stain (23) .
Histochemical Study
Lung sections were stained with Prussian blue (PB) stain (24) for demonstration of iron oxide labeled therapeutic stem cells.
Immunohistochemical Study CD105 immunostaining (25) the marker for mesenchymal stem cells. 0.1 ml prediluted primary antibody (CD105) rabbit polyclonal Ab (ab27422) and incubate at room temperature in moist chamber for 30∼60 minutes. Tonsil used as positive control specimens. Cellular localization is the cell membrane. On the other hand, one of the lung sections was used as a negative control by passing the step of applying the primary antibody.
Morphometric Study
Using Leica Qwin 500 LTD image analysis, assessment of the thickness of the alveolar septa and the thickness of pulmonary vessels (indicated by the distance parameter) was performed in H&E stained sections. In addition, the area of collagen fibers was done in Masson's trichrome sections using interactive measurements menu. The measurments were done in 10 high power fields (HPF) in control and experimental groups. The area% of Pb +ve and that of CD105 +ve cells were assessed. The measurements were done in 10 HPF in control and experimental groups.
Statistical analysis
Quantitative data were summarized as means and standard deviations and compared using one-way analysis-of-variance (ANOVA). p-values＜0.05 were considered statistically significant. Calculations were made on SPSS software (26) .
Results
Haematoxylin and Eosin (H&E) Stained Sections
Sections in the lung of control rats showed normal structure of bronchioles, alveoli, alveolar sacs, vessels and alveolar septa (Fig. 1A) . Close observation revealed alveoli and alveolar sacs lined by multiple cells exhibiting flat nuclei (Fig. 1B) . Sections in the lung of rats belonging to amiodarone group demonstrated small bronchioles with partial obliteration of the lumen by shed epithelial cells and cellular infiltration in the adventitia in multiple fields. Thickened wall of some vessels and bvious cellular aggregates were found in some alveolar septa ( Fig. 2A) . Close observation recruited thickening of the alveolar septa exhibiting dense cellular infiltration and extravasated RBCs in some fields. Irregular alveoli and alveolar spaces were noticed, which were lined by few cells exhibiting flat nuclei (Fig. 2B) . On the other hand individual fields contained overdistended alveoli with disrupted alveolar walls and cellular infiltrates in the alveolar septa (Fig. 2C) . Sections in the lung of rats in IVI stem cell therapy group showed normal bronchioles, few of which demonstrated cellular infiltrate in the adventitia and few congested vessels in some fields (Fig. 3A) . Other fields revealed occasional vessels with partially thickened wall. Multiple congested vessels and some extravasated RBCs were also recognized (Fig. 3B) . Normal alveoli and alveolar sacs were lined by multiple cells exhibiting flat nuclei. Cellular infiltrates and extravasated RBCs were noted in few alveolar septa by close observation (Fig. 3C) . Sections in the lung of rats in IPI stem cell therapy group showed normal bronchioles surrounded by infiltrating cells, few vessels with partial thickening of their walls and some congested vessels (Fig. 4A) . Occasional fields contained few vessels with marked thickening of their walls (Fig. 4B) . By close observation normal alveoli and alveolar sacs were lined by multiple cells exhibiting flat nuclei. Cellular infiltrates and extravasated RBCs were found in multiple alveolar septa (Fig. 4C ).
Masson's Trichrome Stained Sections
Sections in the lung of control rats showed fine collagen fibers in the alveolar septa and denser collagen fibers in the wall of bronchioles and the adventitia of blood vessels (Fig. 5A) . In amiodarone group dense collagen fibers and infiltrating cells were evident in the alveolar septa (Fig.  5B) . In IVI stem cell therapy group dense collagen fibers were seen in occasional septa and infiltrating cells in other occasional septa around normal alveoli and alveolar sacs (Fig. 5C) . In IPI stem cell therapy group dense collagen fibers were observed in some septa and infiltrating cells in other septa (Fig. 5D ).
Prussian Blue Stained Sections
Sections in the lung of control rats showed negative staining with Prussian blue in the alveoli, alveolar sacs and alveolar septa (Fig. 6A) . In IVI stem cell therapy group multiple Pb+ve were detected inside and around blood vessels. In addition, the +ve cells were noticed in some alveolar septa and among the lining epithelium of bronchioles (Fig. 6B) . In IPI stem cell therapy group fewer Pb+ve were detected inside blood vessels. In addition, the +ve cells were noticed in some alveolar septa and in the adventitia of bronchioles (Fig. 6C) .
CD105 Immunostained sections
Sections in the lung of control rats showed negative immunostaining with CD105 in the alveoli, alveolar sacs and alveolar septa (Fig. 7A) . In IVI stem cell therapy group multiple CD105 +ve cells were detected in the alveolar septa and among the lining the alveoli and alveolar sacs (Fig. 7B) . In IPI stem cell therapy group fewer CD105 +ve cells were detected in the alveolar septa and among the lining the alveoli and alveolar sacs (Fig. 7C) .
Morphometric Results
The mean thickness of the interalveolar septa, the mean thickness of the wall of pulmonary vessels and the mean area% of collagen fibers were significantly increased in amiodarone group compared to control, IVI and IPI stem cell therapy groups. Concerning the area% of Pb+ve and CD105 +ve cells a significant increase was recorded in IVI stem cell therapy group compared to IPI group (Table 1) .
Discussion
The current study demonstrated modulating effect of cord blood stem cell therapy whether IV or IP on amiodarone induced lung injury ending in fibrosis in albino rat. This was evidenced by histological, histochemical, immunohistochemical and morphometric studies. Sections in the lung of rats belonging to amiodarone group demonstrated small bronchioles with partial obliteration of the lumen by shed epithelial cells and cellular infiltration in the adventitia in multiple fields. In agreement, it was stated that thoracic imaging in amiodarone lung disease (ALD) showed diffuse infiltrates and histologic review revealed follicular bronchiolitis (27) . Thickened wall of some vessels was confirmed by a significant increase in the mean thickness of the wall of pul- monary vessels. In addition, extravasated RBCs were found in some alveolar septa. This can be referred to the development of pulmonary hypertension. It was stated that the latter condition is characterized by smooth muscle proliferation and consequent vessel wall thickening (28) . Diffuse alveolar hemorrhage was proved to be an uncommon reaction in ALD (29) . Thickened alveolar septa exhibiting cellular aggregates and dense cellular infiltration were detected in AM group. This was proved by a significant increase in the mean thickness of septa. In accordance, it was proved that lung tissues recruited edema and infiltration by inflammatory cells in ALD (30) .
Irregular alveoli and alveolar spaces were noticed, which were lined by few cells exhibiting flat nuclei. This can be related to pneumocyte typeI apoptosis. On the other hand individual fields contained overdistended alveoli with disrupted alveolar walls. Concomitantly, it was reported that cell death in the lungs in ALD was followed by inflammation and fibrosis (31) . In AM group dense collagen fibers were evident in the alveolar septa, this was confirmed by a significant increase in the mean area% of collagen fibers. It was mentioned that in idiopathic pulmonary fibrosis and drug-induced severe interstitial pneumonia ending in fibrosis, the patient rapidly developed respiratory failure and required mechanical ventilation. Despite corticosteroid pulse therapy, no clinical improvement was noted (32) . Intravenous stem cell therapy group showed normal bronchioles, few of which demonstrated cellular infiltrate in the adventitia and few congested vessels. Few areas revealed occasional vessels with partially thickened wall, multiple congested vessels and some extravasated RBCs. Normal alveoli and alveolar sacs were lined by multiple cells exhibiting flat nuclei. Cellular infiltrates and extravasated RBCs were noted in few alveolar septa. Reduction of the collagen content was definite. In agreement, it was confirmed that on IV administration, MSCs were largely localized in pulmonary capillaries (33) . On the other hand, it was documented that single-dose MSC infusion ameliorated hyperglycemia but failed to restore normoglycemia in diabetic animals. So it was hypothesized that multiple IV MSC infusions may reverse hyperglycemia in type 2 diabetes (34) . In IPI stem cell therapy group, normal bronchioles surrounded by infiltrating cells, few vessels with partial thickening of their walls and some congested vessels were detected. Occasional fields contained few vessels with marked thickening of their walls. Normal alveoli and alveolar sacs were lined by multiple cells exhibiting flat nuclei. Cellular infiltrates and extravasated RBCs were found in multiple alveolar septa. Reduction of the collagen content was also proved. The previous findings indicated less prominent effect of IP therapy compared to IV therapy. In accordance, IP injection of human MSCs was tested in multiple sclerosis, a currently incurable inflammatory demyelinating syndrome and proved a therapeutic potential (35) . Moreover it was documented that IP delivery of human MSCs reduced inflammatory damage to the cornea without engraftment and primarily by secretion of an anti-inflammatory protein in response to injury signals from the cornea (36) . Recently, IP injection of cells resulted in reduced cell infiltration in brain more effectively as compared to the IV route (37) . It can be concluded that cord blood MSC therapy proved definite amelioration of lung injury ending in Table 1 . Mean±standard deviation (SD) of the thickness of alveolar septa, thickness of the wall of pulmonary vessels, area % of collagen fibers, area % of Pb+ve and CD105+ve cells in control and experimental groups fibrosis. The effect of IP SCT was slightly inferior to that of IV SCT, which may be overwhelmed by repeated IP injection.
